In Exp. 1, 24 yearling Holstein steers averaging 340 kg were fed either an alfalfa hay diet at a maintenance level of metabolizable energy (ME) intake or corn silage-corn diets at one, two or three times maintenance ME intake. After a 42-day adjustment period, steers were fed individually, and digestibilities of total alpha-glucosides, starch oligosaccharides and glucose were determined at 2-week intervals, with chromic oxide used as an indicator. Steers fed the alfalfa hay diet had higher (P<.05) total tract digestibilities of total alpha-glucosides and starch than steers fed the corn diets. Fecal starch (percentage of dry matter) in steers fed the corn diets increased (P<.05) from approximately 11 to 31% as level of ME intake increased from one to three times maintenance. Starch digestibilities for the corn diets fed at one, two and three times maintenance were 81.4, 76.4 and 76.0%, respectively. However, these trends toward reduced starch digestibilities were not significant. There appeared to be no apparent adaptation of alpha-glucoside digestibility in the total digestive tract among steers fed different levels of corn over the intervals observed. In Exp. 2, four Holstein steers (350 kg) were each fitted with duodenal and ileal reentrant cannulas and fed either a low or a high level of corn. Alpha-glucoside intakes for animals given the low and high levels of corn averaged 1.7 and 3.2 kg, respectively. Steers fed the high level of corn digested more (P<.05) alpha-glucoside in the total tract (2.9 vs 1.6 kg), reticulo-rumen (2.3 vs 1.2 kg) and large intestine (.267 vs .136 kg) than did steers fed the low level of corn. Steers fed the high level of corn also digested more corn in the small intestine (.415 vs .221 kg) than steers fed the lower level; however, differences were not significant. Although there were trends toward lower partial digestion coefficients (expressed as a percentage of alpha-glucoside presented to that segment) in the total tract, reticulo-rumen and small intestine for steers fed the high corn diet, the magnitude of the differences was not significant.
Introduction
In a review of 15 experiments on starch digestibility, Waldo (1973) calculated mean starch digestibility in the total ruminant digestive tract at 99 -+ 1.2%. The small variation indicated that little starch escaped digestion in the ruminant digestive tract, regardless of whether the grain fed was processed or unprocessed barley, sorghum or corn or whether sheep or cattle were fed. However, the highest daily starch consumptions by sheep and cattle in these experiments were 1,030 and 3,850 g, respectively, or approximately 1.3 times the maintenance requirement for each of these species (NRC, 1964 (NRC, , 1976 . More recently, it has been observed that total tract starch digestibility decreases as concentrate intake increases above maintenance in lactating dairy cows (Wheeler et al., 1975) and steers (Galyean et al., 1979) .
Because the amount of starch that escapes ruminal fermentation increases as corn starch consumption increases (Karr et al., 1966) , postruminal digestion of starch becomes increasingly important when high concentrate diets are fed. However, trends toward reduced 1170 JOURNAL OF ANIMAL SCIENCE, Vol. 52, No. 5, 1981 digestibility of starch in the small intestine when increased starch is consumed have been reported (Tucker et al., 1968) .
Investigations reported in this study were initiated (1) to observe any long-term changes in digestion of corn starch, maltose or glucose induced by the feeding of increased amounts of corn grain with corn silage to feedlot steers, (2) to determine the quantity of Starch that escapes ruminal fermentation in steers fed increasing amounts of corn with corn silage and (3) to determine how much of this starch is digested in the small intestine and large intestine.
Materials and Methods
Exp. I. A forage diet of alfalfa hay and three diets containing corn silage with different levels of corn were formulated (table 1). The alfalfa hay diet was fed at a level designed to meet the steer's maintenance requirement for metabolizable energy (NRC, 1970) . Alfalfa pellets (.45 kg daily) were substituted for hay and served as a carrier for the chromic oxide. Corn diets 1M, 2M and 3M were formulated to provide 2.3 kg of corn silage dry matter daily, with cracked shelled corn and a soybean meal-based supplement fed to meet one, two and three times, respectively, the animal's maintenance requirements for metabolizable energy, crude protein, Ca and P (NRC, 1970) . Ground corn cobs were fed ad libitum with the first three diets to limit intake of the sawdust used as bedding. Chromic oxide (.3%) was also added to the corn diets as a marker. To maintain starch intake at constant multiples of maintenance as the animals grew, the diets were adjusted every 2 weeks to yield the final compositions shown in parentheses in table 1.
Twenty-four yearling Holstein steers averaging 340 kg were divided according to weight into six groups and randomly assigned to the four diets in a randomized, complete block feeding experiment. The steers were adjusted to their respective diets as groups over a 42-day period, after which they were fed individually in pens for 64 days. The steers were fed twice daily at 0800 and 1600 hr, and uneaten feed was weighed, sampled and discarded once weekly. Feed samples were collected weekly from each animal's diet. Steers were weighed before the morning feeding at 14-day intervals. Fecal samples for determination of pH and starch digestibility were taken by rectal grab at 0, 4 and 8 hr after the morning feeding on days 49, 63, 77 and 91. Fecal pH was determined on a 50-g aliquot of feces to which 50 ml of deionized water were added. The remainder of the sample was frozen on Dry Ice for subsequent analysis. Dry matter contents of the feed and uneaten feed samples from the corn diets were (AOAC, 1960) . Dry matter contents of the hay, alfalfa pellets and corn cobs were determined by drying at 65 C for 48 hr in a forced-air oven. Fecal samples were freeze dried for 7 days. All samples were prepared for further analysis by grinding through a l-ram screen.
Total alpha-glucosides were determined by the method of MacRae and Armstrong (1968); amyloglucosidase from Rbizopus sp. was used, and the released glucose was determined with glucose oxidase (Raabo and Terkildsen, 1960) after deproteinization (Somogyi, 1945) . The ethanol-soluble or short-chain alphaglucoside and the free glucose were determined by a modification of the methods of Mayes and Orskov (1974) . In our study, recoveries of ethanol-soluble glucosides were improved by increasing amyloglucosidase in the enzyme solution to 8 g/liter, as suggested by MacRae and Armstrong (1968) . Mayes and Orskov (1974) determined glucose on a water extract of feed or digesta. However, in our study, glucose was determined in a water extract of the previously isolated ethanol-soluble fraction. This modification reduced the time necessary to perform the glucose assays. The long-chain glucose polymer or starch was determined as the difference between the total and ethanolsoluble alpha-glucosides. Oligosaccharides were determined as the difference between the ethanol-soluble alpha-glucosides and the free glucose.
Chromic oxide was determined by the procedure of Hill and Anderson (1958) .
All data were subjected to analysis of variance for a randomized complete block as described by Steel and Torrie (1960) . Significance of differences between means was tested by Duncan's new multiple range test (Steel and Torrie, 1960) . Correlations were determined according to Snedecor and Cochran (1967) .
Exp. 2. Four Holstein steers (350 kg) were
each fitted with duodenal and ileal reentrant cannulas. After recovering from surgery, the steers were assigned to diets consisting of either 1.8 or 3.7 kg ground shelled corn plus .8, 1.4 and .8 kg (dry matter) alfalfa hay, corn silage and a soybean meal-based supplement, respectively (table 2). The diets were kept isonitrogenous by the addition of 73 g of urea to the low corn diet. Trace mineralized salt and water were available free choice. The diets were fed twice daily, at 0900 and 2100 hr, and uneaten feed was weighed and sampled daily.
Animals were adjusted to treatments in individual pens for a minimum of 10 days. They were then placed in metabolism stalls, and total collection of the digesta and feces were conducted from 1000 to 1600 hours. Following collection, the animals were returned to their pens. After a readjustment period of 1 to 7 days, the animals were again placed in metabolism stalls and samples were taken for a second 6-hr period from 1600 to 2200 hours.
Digesta were collected simulataneously, from the duodenal and ileal cannulas, via hoses, into vented, 8-liter bottles immersed in ice water. At hourly intervals, digesta volumes were measured and subsamples taken with a ladle while the digesta were mixed with a laboratory stirrer. The subsample represented approximately 10 and 20% of the duodenal and ileal digesta, respectively. Digesta were reheated to 37 C in a water bath and returned to the animals via gravity flow over the next hourly collection period. To maintain digesta volume, a volume of .9% saline equal to that of the digesta sample saved for analysis was added to the material being returned to the animal. The pH of the digesta samples was recorded immediately upon collection, and the samples were frozen and stored for later analysis. Fecal samples were collected immediately upon defecation, placed in plastic bags and stored on ice. At the end of the collection period, the samples were weighed and a 20% subsample frozen. Fecal pH was recorded for a 50-g aliquot following the addition of 50 ml of deionized water. Total alpha-glucosides and chromic oxide in the feed, digesta and feces were determined as in Exp. 1.
Two of the animals in this experiment failed to consume adequate amounts of the high corn diet; hence, data were analyzed by t-test (Steel and Torrie, 1960) , with four and two observations for the low and high corn treatments, respectively.
Results and Discussion
Exp. 1. Average daily intakes of dry matter and carbohydrate constituents are presented in table 3. Consistent with the experimental design, animals fed the corn diets at one, two and three times the maintenance metabolizable energy (ME) requirement (NRC, 1970)had higher (P<.05) intakes of total alpha-glucosides and starch than steers fed the alfalfa diet. Similarly, total alpha-glucoside and starch intakes for steers fed the corn diets increased (P<.05) progressively with increasing ME intake. Oligosaccharides and glucose constituted only a small fraction of the total alpha-glucosides in all diets; thus, most of the alpha-glucosides were true starch. Mayes and Orskov (1974) had similarly found that 98.4% of the total alpha-glucosides in gelled corn starch consisted of starch. In the present study, recoveries (+-standard errors) of starch, maltose and glucose through the entire extraction and analysis averaged 96.0 +-2.1, 88.4 +-1.6 and 97.6 -+ .6%, respectively.
As with the feed, concentrations of oligosaccharides and glucose in the feces were small (table 3). The absence of an increase in fecal concentration or a reduction in the digestibility of oligosaccharides indicates that inadequate amounts of intestinal maltase may not be a major factor in the reduction of raw corn starch digestion in the steer's total digestive tract. Although glucose digestibilities decreased as level of corn intake increased (P<.05), there were no appreciable increases in fecal glucose concentrations. This evidence suggests that inadequate glucose absorption was also not a major limitation on raw corn starch digestion in cattle. However, because bacteria in the large intestine may preferentially ferment oligosaccharides and glucose instead of starch, a comparison of total tract digestion with small intestinal digestion becomes tenuous.
Steers fed the alfalfa diet had higher (P<.05) total tract digestibilities of total alpha-glucosides and starch than did steers fed the corn diets (table 3) . Fecal starch concentrations (as a percentage of feces dry matter) increased (P<.05) from approximately 11 to 31% as level of corn intake increased from one to three times maintenance. However, the observed decreases in digestibilities of the alpha-glucoside and the starch carbohydrate components were not sigfiificant across the corn diets. This trend toward reduced starch digestibilities in response to increased dietary starch intake is consistent with earlier reports (Wheeler et al., 1975; Wheeler and Noller, 1977; Galyean et al., 1979) . As corn consumption increased, both fecal pH and starch digestibility decreased (r = .87). A reduction in fecal pH and starch digestibility with increasing dietary starch has been reported (Wheeler et al., 1975; Wheeler and Noller, 1977) . Wheeler and Noller (1977) found high and significant negative correlations between fecal pH and starch in feces and suggested that pH values below the optimum for a-amylase resulted in reduced intestinal starch digestion. However, as pointed out by Galyean et al. (1979) , a decrease in fecal pH with increased fecal starch content could result from increased large intestinal microbial fermentation of the starch that escaped digestion in the small intestine. blM, 2M and 3M indicate that diets were fed at one, two or three times, respectively, the animal's maintenance metabolizable energy requirement.
Cperiods correspond to days 49, 63, 77 and 91, respectively. d'e'f'gMeans in same row bearing different superscripts differ (P<.05).
Results presented in table 4 indicate that little adaptation of alpha-glucoside digestibility occurred in the total digestive tract among steers fed different levels of corn over the time span observed. Lack of adaptation was further indicated by the fact that steers fed the highest level of corn (3M) digested 4.4, 4.7, 5.4 and 4.5 kg of starch during periods 1, 2, 3 and 4, respectively. Mayes and Orskov (1974) also observed no adaptation of postruminal starch digestion when gelled starch was infused into the abomasum of sheep over a 4-week period. However, it should be recognized that the steers in our study had been adjusted to their respective diets for 6 weeks before the first sampling period.
Exp. 2. Mean recoveries of chromic oxide
from the two 6-hr total collections were 59.6, 70.4 and 91.4% in the duodenal digesta, ileal digesta and feces, respectively, when data were adjusted to a 24-hr basis. Low recoveries of chromic oxide in short-term collections have been reported by others (Waldo, 1973 ; Langhren and Young, 1979) . The poor recoveries apparently resulted from a differential flow of the liquid and solid phases of the digesta. Such a flow may result if the animal is upset by inadequate adjustment to sampling conditions. Because of the low recoveries of chromic oxide, the data presented in table 5 have not been adjusted to 100% recovery.
Steers fed the high corn (3M) diet digested more (P<.05) alpha-glucoside (grams per day) in the reticulo-rumen and large intestine than did those fed the low corn (1M) diet. In addition, steers fed the high corn diet tended to digest larger quantities of alpha-glucoside in the small intestine than did those fed the low corn diet. However, one animal fed the low corn diet apparently digested 525 g of alpha-glucoside in the small intestine, thereby increasing the mean and the variation for this treatment. aMeans + standard errors for steers fed the low and high corn diets; n = 4 and 2, respectivley.
bvalues for the two diets are different (P<.05). CAmount of the alpha-glucoside presented to that segment that was digested. Portions of the duodenal and ileal digesta were saved for analysis.
dpercentage of the atpha-glucoside presented to that segment that was digested. epereentage of the total tract digestion occurring in that segment.
The amount of starch digested in the small intestine is highly related to the amount of starch escaping ruminal fermentation. Thus, the absence of differences in partial or total alpha-glucoside digestibilities in the present study may have resulted from the low intakes of alpha-glucosides (table 5). In Exp. 1, total tract alpha-glucoside digestibility was as low as 76.8% when alpha-glucoside intake was 6.07 kilograms. Similarly, Wheeler et al. (1975) observed a decrease in starch digestibility from 96.8 to 87.3% when a 30% forage and 70% concentrate diet was fed in amounts calculated to supply dairy cows with 2.46 and 9.46 kg of starch, respectively. In light of these significant reductions in total tract starch digestion when large amounts of starch are consumed, the trends toward reduced digestibility within the reticulo-rumen and the small intestine observed in the present study might be accentuated at higher levels of intake.
Intestinal pH followed a similar pattern for steers on both diets, being lowest in the duodenum and highest in the ileum. Although pH values for duodenal and ileal digesta tended to be lower for animals fed the high corn diet, these differences were not significant. Similarly, fecal pH did not differ between treatments.
Results of this study and others (Karr et al., 1966; Tucker et al., 1968) indicate that the depression in percentage total tract starch digestibility results from decreased starch digestibility in both the rumen and the small intestine. However, it was apparent in the present study as well as others mentioned that although the percentage of starch digestibility may decrease at high levels of starch intake, an absolute limit in the amount of starch digested may not be attained under practical feeding conditions. It appears that factors that depress starch digestion in the ruminant tract may do so by a complex set of conditions decreasing the rate of digestion in relation to rate of passage through the digestive tract. Interrelationships of these factors in relation to small intestine digestion of starch are discussed by RusselI et al. (1981) .
